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Summary

A study to determine a limiting distance-to-span ratio for the extrapolation of near-field pressure

signatures is described and discussed. This study was to be performed in two wind-tunnel facilities with

two wind-tunnel models. At this time, only the first half of the study has been completed, so the scope of

this report is limited to the design of the models, and to an analysis of the first set of measured pressure

signatures. The results from this analysis showed that pressure signatures with the desired “flat-top” low-

boom shapes were not likely to be seen at separation distances less than 5 span lengths. While there were

some indications that the pressure signature shapes were becoming more “flat-topped”, this was not seen

to be a strong trend at the distance- to-span ratios employed in this first series of wind-tunnel tests.

Introduction

There are currently two methods for extrapolating a near-field-measured or -predicted pressure

signature to obtain a predicted ground overpressure. One is the Thomas Code, reference 1, and the other is

the Ames Code, reference 2. If the pressure signature was generated by a slender body of revolution at

zero lift and measured at a suitable separation distance, the Thomas Code or the Ames Code could be

used with confidence to predict the ground overpressure from the original signature, separation distance,

and the Mach number. That same ground overpressure could also be predicted by the Aeronautical

Research Associates of Princeton (ARAP) Code, reference 3, from the body geometry, the cruise altitude,

and the Mach number.

 However, the situation is very different when the near-field pressure signature is generated by a lifting

wing-body model in a wind tunnel or is predicted by a Computational Fluid Dynamics (CFD) code. In

this situation, neither the Thomas Code nor the Ames Code can be appropriately applied. They are both

based on a cylindrical acoustic propagation model; the first code was developed by Charles Thomas, and

the second code was based on theories developed by G. B. Whitham and F. Walkden, references 4 and 5.

The extrapolated ground overpressure signatures are usually very different in shape and character from

ground overpressure signatures predicted with the ARAP code from concept or model volume and lift

equivalent area descriptions.

 There is another mathematical extrapolation technique called the Method of Multipoles, reference 6.

With this method, an “extracted far-field” pressure signature is derived from overpressures calculated

around a cylinder at one or more body lengths from the body or aircraft. Then, this “derived far-field”

pressure signature is extrapolated to the ground with the Thomas Code to obtain a ground-level

overpressure prediction.

 Some of these near-field extrapolation methods are based on questionable assumptions. Whether the

single near-field pressure signature is measured in the wind tunnel or calculated with a CFD code, it is a

part of a fully three-dimensional flow field generated by a three-dimensional lifting model. Extrapolating

this near-field pressure signature with a cylindrical, two-dimensional propagation code violates the

physics of the flow field generated by the model’s volume and lift contributions. If the separation distance

were large enough, this objection would vanish.

 The far-field pressure signature, extracted by the Method of Multipoles from the calculated near-field

disturbances on a cylindrical surface around the model, is based on model geometry and its disturbances

in the flow field. It is assumed that the body’s geometry has been completely and faithfully represented,
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and that the disturbances in the flow field have been accurately calculated. A wide variety of theory-

prediction-measurement comparisons (Method of Multipoles predictions compared with Whitham theory

predictions and wind-tunnel measurements, for example) has yet to be presented, especially for low-boom

shaped pressure signatures. Obviously, a method must be found that is mathematically practical, but does

not violate the physics of the flow field generated by the concept or wind-tunnel model. As yet, this

method may not have appeared, or if it has, it has not been satisfactorily validated.

 However, a limiting distance for credible extrapolation could be determined by the measurement of a

large number of pressure signatures from wind-tunnel models. It would be the separation distance where

the flow-field features of the overpressure signatures measured directly under the flight path of the model,

have developed quasi-two-dimensional characteristics. This limiting distance could be expressed as a

function of the span of a wing-body model since the lift is developed across the span even though the

effects of this lift is felt in the flow field within the forward Mach conoid. By low-boom tailoring the

model’s geometry, the quasi-two-dimensional features of the pressure signature would be reasonably easy

to identify.

 A study to determine such a limiting distance ratio - distance/span - is described and discussed in this

report. This study was planned to be performed in two wind-tunnel facilities, the Langley Research

Center Unitary Plan Wind Tunnel Facility, and the John Glenn Research Center 10 Foot x 10 Foot Wind

Tunnel Facility. At this time, only the first half has been completed, so the scope of this report is limited

to the design of the models, and to an analysis of the pressure signatures measured under the flight path in

the Langley Research Center Unitary Plan Wind Tunnel Facility. The totality of the wind-tunnel-

measured pressure signature data is to be published in a separate report. When the second part of the

study is completed, another report with all wind-tunnel-measured pressure signature data will be

published. This follow-on report will have an analysis of the second data set, as well as the conclusions

reached from a complete analysis of all the wind-tunnel-measured data.
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Nomenclature

b wing span, of models, 4.5 in

CL lift coefficient

CL,CRUISE lift coefficient at cruise

F(y) value of Whitham F-function at effective distance y, ft
1/2

h cruise altitude, ft

I non dimensional pressure signature impulse, 

  

I =
p

p
0

o

d

l overall length of models, 9.0 in

le effective length of the models at CL,CRUISE, 9.0 in

M Mach number

p ambient pressure, psf

p overpressure in the aircraft’s flow field, psf

S wing projected area, in
2

x distance in the longitudinal direction, in

x0 distance in the longitudinal direction where the impulse has a maximum value, in

y distance in the spanwise direction normal to x, in, or effective distance, ft

dimensionless dummy variable, x/le, in the equation of the impulse

o dimensionless ratio, xo/le, along the pressure signature where the impulse has a maximum

value
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Concept and Model Design

Conceptual Vehicle

Two simplified concepts were designed for this study. The concepts had the same wing area, span,

lifting length, and thickness-to-chord ratio. A horizontal tail and engine nacelles, canards, or fin(s) were

not added to the configuration so that basic wing-fuselage volume and wing lift effects could be studied.

These simplified configurations were low-boom tailored to produce a ground overpressure of 0.5 psf, the

same ground overpressure that a recently-designed Supersonic Business Jet (SBJ) vehicle, reference 7,

produced while cruising at a Mach number of 2.0, a beginning-cruise weight of 88,000 lb, and a

beginning-cruise altitude of 53,000 feet.

 The two concepts were different in that one concept had a wing with a smooth and continuous curved

leading edge, the Curved Leading Edge (CLE) model, while the other concept had a wing with a straight-

line segmented leading edge, the Straight-Line Segmented Leading Edge (SLSLE) model. These two

wings, at full size, are shown for comparison in figure 1.

30

20

10

0

100 20 30 40 50 60

x, ft

y, ft

70 80 90

CLE Wing
SLSLE Wing

Figure 1.  Full-scale wing planforms used for two wind-tunnel models.

Like the full-scale concepts, the wind-tunnel models had simplified wing and fuselage configurations.

Sting area was added to the full-scale vehicles’ lift equivalent area because it would be needed in the

design of the wind-tunnel models. Using the code described in reference 8 that was developed from

references 9 and 10, low-boom fuselages were contoured so the equivalent areas from the volumes of the

wing, fuselage, and forward sting, along with the equivalent area due to wing lift, closely matched the

equivalent area profile required for desired low-boom performance. A comparison of ideal and designed

equivalent areas, F-functions, and ground pressure signatures for both concepts are presented in figures 2

to 4.
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(a) Curved leading edge (CLE) concept.
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(b) Straight-line segmented leading edge (SLSLE) concept.

Figure 2.  Comparison of ideal and designed equivalent areas.
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(a) Curved leading edge (CLE) concept.
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(b) Straight-line segmented leading edge (SLSLE) concept.

Figure 3.  Comparison of ideal and designed F-functions.
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(a) Curved leading edge (CLE) concept.
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(b) Straight-line segmented leading edge (SLSLE) concept.

Figure 4.  Comparison of ideal and designed ground overpressure signatures.

Wing dihedral, shown to be useful for achieving low-boom constraints in reference 11, was added to

put the wing tip trailing edge and the model nose in a plane that was parallel with the direction of the free-

stream velocity vector. This design feature made the overall length and the effective length of each model

coincident at CL,CRUISE.
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Wind-Tunnel Model Design

After the research wing-fuselage concepts had been designed, they were rescaled by a factor of 1:160

so that practical wind-tunnel models could be built. These models were supported by a sting/balance

whose cylindrical and tapered-cylinder contours merged with those on the models’ aft fuselages. Each

model and sting/balance was 32 inches in length with a 4-inch long, 0.75-inch diameter mounting stub at

the back of the sting/balance. The front section of the CLE model with an extended cylindrical section is

shown in figure 5.

Figure 5.  Three-view schematic of the CLE model.

The SLSLE model was similar to the CLE model in figure 5. This can be seen in the three-view

schematic presented in figure 6.

Figure 6.  Three-view schematic of the SLSLE model.
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Full-scale concept flight data and wind-tunnel model dimension and area data are listed in Appendix

A. A numerical description in Harris Wave Drag code format, references 12 and 13, of each model is

given in Appendix B and Appendix C.

 Except for the leading edge shape, the two models were virtually identical. However, the leading edge

shape was one of the questions addressed in this study. Seebass and George Minimization theory curves

show a smooth and continuous growth of volume and lift equivalent areas for low-boom characteristics.

Since the wing lift was such an important element in the total equivalent areas, it would be desirable for

the lift development to have smooth and continuous gradients. This consideration strongly suggested that

the wing be given a smoothly-curved, subsonic leading edge. However, it would be easier to mount

leading edge flaps on a wing with a leading edge composed of straight-line segments than on a wing

whose leading edge was curved from wing-fuselage junction to tip chord. If it could be demonstrated that

a straight-line segmented wing leading edge, with small incremental changes in sweep, added few

penalties to the low-boom ground overpressures, then the complexity of a curved leading edge wing for a

prospective low-boom supersonic-cruise vehicle could be avoided.

Pressure Signature Measurements

Wind-Tunnel Test Section

Pressure signatures were measured with the models mounted on an angle-of-attack mechanism

designed to control their lift by altering their angle of attack. This angle-of-attack mechanism was

attached to the wind-tunnel strut mechanism which moved the model laterally to the desired separation

distance, and then longitudinally, to permit measurement of the individual overpressures in the pressure

signature. A schematic of this wind-tunnel test section arrangement of model and measurement apparatus

is shown in figure 7.

Model

Tail Shock

Nose Shock

Survey ProbeReference Probe

Wind-Tunnel Wall

(a) Side view of model and probes.

Figure 7.  Side view schematic of model and probes in the test section.
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Probe No. 1

Probe No. 2

Probe No. 3 Rake Strut

(b) Schematic of the survey probe rake and probes.

Figure 7.  Concluded.

Three two-orifice conical probes were used to measure pressure signatures. They were side by side on

a rake whose plane was normal to the model’s vertical plane of symmetry. Probe No. 1 measured pressure

signatures along a line 2.95 inches to the right of the model’s flight path; Probe No. 2 measured

signatures along a line directly under the model’s flight path, and Probe No. 3 measured signatures along

a line 6.35 inches to the left of the model’s flight path. Probe No. 1 was located between Probe No. 2, and

the static pressure reference probe. These “off-track” measured pressure signatures were data for present

and future prediction code validation. In this report, only the under-the-flight track pressure signatures

obtained with Probe No. 2 will be discussed and analyzed. The other data will be published in a separate

data report.

Pressure Signature Measurement Matrix

Pressure signatures were measured at a Mach number of 2.0, and at number of separation distances to

determine how, and at what rate, the pressure signature shapes changed. They were also measured at two

values of CL/CL,CRUISE to determine the influence and relative importance of lift on the shape of the

pressure signature with increasing separation distance. A table of wind-tunnel model test data, presented

in Appendix D, lists the separation distances in terms of span lengths, and the values of CL/CL,CRUISE used

to measure the pressure signatures generated by each of the models.

Pressure Signatures

A sample of the measured pressure signatures were analyzed, and their characteristics compared with

theory. As was mentioned previously, only the pressure signatures measured under the model flight path,

along with their significant analysis parameters, were presented and discussed in this report. The first

comparison was between measured and predicted nose shock strengths. Second was a comparison

between measured and predicted “impulse”, i.e. the integral of overpressure ratio along the positive part

of the pressure signature. The third comparison was between the measured signature shapes for both

models at separation distance to span ratios, h/b , of 2.0 and 5.0, with CL/CL,CRUISE = 1.0.
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Nose Shock Comparisons

Flow field shocks measured in the wind-tunnel test section were rounded instead of sharply abrupt.

They were spread over a finite distance because of the finite-sized orifices in the conical probes, pressure

disturbance propagation in the measurement probe’s surface boundary layer, and model vibration due to

wind-tunnel turbulence. A method for correcting these effects was presented and explained in reference

14. This pressure signature correction method is demonstrated in figure 8.

x

(Corrected)

Figure 8.  Typical wind-tunnel measured and corrected nose shock.

The corrected shock strength was obtained by preserving “impulse” (balancing the shaded areas) in the

nose-shock region of the pressure signatures. Corrected nose shock parameters in far-field format,

( p/p)(h/le)
3/4

, were obtained for all the pressure signatures measured under the flight path at

CL/CL,CRUISE = 1.0, and were compared with theory in figure 9.
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Figure 9.  Comparison of corrected and theoretical nose shock parameters versus h/b for both wind-tunnel models.

CL/CL,CRUISE = 1.0, and M = 2.

This corrected nose shock overpressure parameter, plotted in figure 9, should asymptotically approach

a far-field value as h/b is increased. At a minimum limiting distance, the pressure signature could be

extrapolated with the Thomas code. (The estimation of this distance was the second purpose of this
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study.) With the exception of the one SLSLE data point at h/b = 6, the measured and corrected nose

shock overpressures were seen to be approaching, but had not reached, a far-field value within the Unitary

Plan Wind Tunnel 4 ft by 4 ft test section.

Impulse Comparisons

The impulse of the pressure signature is the integral of the positive part of pressure signature. So, no

corrections need be applied to rounded shocks if their strengths are relatively weak, i.e. p/p < 0.05,

across the pressure rise. The impulse from the under-the-flight-path measured pressure signatures are

compared with theory in figure 10.

.015

.010

.005

0

0 1 2 3 4

h/b

5

CLE

SLSLE

TheoryMeasured
I

h

l
e

Figure 10. Comparison of theoretical and measured impulse versus h/b for both wind-tunnel models.

CL/CL,CRUISE = 1.0, and M = 2.

Note that again, in figure 10, the impulse was expressed in far-field parameters, just as the over-

pressure ratio was in figure 9. The abscissa has values that extend only as far as h/b = 5. With the probe

in its most forward position, only the nose shock and first 3.0 to 4.0 inches of the pressure signature could

be measured before the model’s nose moved out of the test section into the aft section of the wind-tunnel

nozzle where the flow was non-uniform.

Although the impulse data straddled the theory lines, the convergence trends in figure 10 were not as

positive as those of the nose shock strengths in figure 9. This seemed to suggest that the limiting value of

h/b for credible extrapolation would be considerably larger than 5 or 6.

Pressure Signature Shape

As was mentioned at the start of this report, this study was to determine where the pressure signature

had become “sufficiently far-field” so that it could be extrapolated to the ground with the Standard

Atmosphere Propagation version of the Thomas Code. The closest and the farthest near-field under-the-

flight-path separation distances for obtaining complete signatures in the Unitary Plan Wind Tunnel were

9.0 inches and 22.5 inches respectively. Pressure signatures measured at these and the rest of the

separation distances are presented in figures 11 to 17.
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Figure 11.  CLE model at M = 2, h = 9.0 inches, and CL/CL,CRUISE = 1.0.
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Figure 12. CLE model at M = 2, h = 18.0 inches, and CL/CL,CRUISE = 1.0.
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Figure 13. CLE model at M = 2, h = 22.5 inches, and CL/CL,CRUISE = 1.0.

.03

.02

.01

0

–.01

–.02

–.03
–.25 0 .25 .50 .75 1.00 1.25 1.50

∆p

p

x − βh

l
e

Figure 14. SLSLE model at M = 2, h = 9.0 inches, and CL/CL,CRUISE = 1.0.
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Figure 15. SLSLE model at M = 2, h = 13.5 inches, and CL/CL,CRUISE = 1.0.
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Figure 16. SLSLE model at M = 2, h = 18.0 inches, and CL/CL,CRUISE = 1.0.
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Figure 17. SLSLE model at M = 2, h = 22.5 inches, and CL/CL,CRUISE = 1.0.

None of these pressure signatures has a “flat-top” shape, but the observed slow changes in shape are in

that direction. Pressure signatures from both models at the closest and the farthest separation distances are

shown superimposed in figures 18 and 19 for comparison purposes.

.03

.02

.01

0

–.01

–.02

–.03
–.25 0 .25 .50 .75 1.00 1.25 1.50

∆p

p

x − βh

l
e

h/b = 2
h/b = 5

Figure 18.  CLE model at M = 2, h = 9.0 and 22.5 inches, and CL/CL,CRUISE = 1.0.
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Figure 19. SLSLE model at M = 2, h = 9.0 and 22.5 inches, and CL/CL,CRUISE = 1.0.

As would be expected, the pressure signatures at h = 22.5 inches are longer, due to attenuation, than

those at h = 9.0 inches in both figures 18 and 19. The nose shock strengths on the pressure signatures in

both figures also show an expected reduction due to attenuation. Also noticeable was the smoother and

rounder maximum overpressure disturbances due to wing lift with the increased separation distance.

Mini-shocks in the pressure signature measured at the closest separation distance have attenuated, but

have not shown any tendencies to move forward with increasing distance toward coalescence with the

nose shock.

The overpressures between the nose and the lift-induced shocks have changed little relative to the

strengths of these two shocks. This trend would suggest that the pressure signatures would become

smoother and more level as the separation distance increased. It is very likely that, on the ground, the

pressure signature would probably have the design-goal shape with an almost-flat top along the positive-

overpressure section.

Discussion

An inspection of the pressure signatures in figures 11 through 17 would suggest that the design goals

shown in figures 4(a) and 4(b) had not been achieved. Not one of the pressure signatures generated by the

two wind-tunnel models had the intended “flat-top” shape. However, both of the pressure signatures

shown in figures 4(a) and 4(b) are far-field signatures. So, it is not too surprising that their shapes were

not achieved at the near-field separation distances available in the Langley Unitary Plan Wind Tunnel

Facility test section. It also indicates that the additional planned tests at larger separation distances in a

larger wind-tunnel test section will need to be performed before definite conclusions can be made.

Comparisons of pressure signatures measured at 2 and 5 span lengths, figures 18 and 19, present a

more optimistic picture. Especially since, in this first part of a two-part study, every one of these

measured pressure signatures was a near-field pressure signature. In addition to indications from the

pressure signatures shown in figures 11 through 17, the trends in nose-shock strength and impulse change
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with increasing separation distance, seen in figures 9 and 10, shows that there is reason for the guarded

optimism.

These results are in agreement with preliminary data presented in reference 15. That wind-tunnel data

showed that a wind-tunnel model whose configuration was low-boom tailored might need separation

distances of far more than 4 to 5 span lengths before the pressure signature began to show strong evidence

of having a low-boom shape. However, that same report showed that a configuration with approximate

low-boom tailoring would generate pressure signatures whose shape would show near-field features over

very long distances. Both sets of data from those models put the results from these wind-tunnel

measurements in a favorable light.

Concluding Remarks

None of the pressure signatures measured in this first half of a two-part study to determine a minimum

distance for the extrapolation of pressure signatures to the ground had a distinctive “flat-top” shape. Thus,

the results of the analysis of this first set of data indicated that pressure signatures with “flat-top” shapes

were not seen in the ensemble of pressure signatures measured in the 2 to 5 span length near field region

of the wind-tunnel test section. There were definite indications that the pressure signature shapes were

becoming more “flat-topped” at the maximum separation distance of 5 span lengths. This trend toward the

“flat-top” pressure signature was not seen to be strong, and was in accordance with results that have been

seen before in previous wind-tunnel measurements of near-field pressure signatures from low-boom-

tailored models. However, it is anticipated that in the second half of the study, the pressure signatures

generated by the two models at considerably farther separation distances will show much more definite

trends toward having far-field characteristics.
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Appendix A

Description of the Two Wind-Tunnel Models

SLSLE Model CLE Model

Span, in 4.5 4.5

Effective length, in 9.0 9.0

Lift length, in 9.0 9.0

Wing area, in2 10.08 10.0737

Mean aerodynamic chord, in 2.9615 2.9728

Aspect ratio, b
2
/S 2.0 2.0

The following data pertains to the wings and the fuselages of full-scale vehicles. The wind-tunnel

models used in the tests to measure pressure signatures were reduced-scale versions of these conceptual

wing fuselages with the aft fuselage modified to blend into the sting.

SLSLE Concept CLE Concept

Cruise altitude, ft 53,000.0 53,000.0

Beginning cruise weight, lb 88,000.0 88,000.0

Beginning cruise wing loading,

psf
49.386 49.386

Beginning cruise CL 0.08309 0.08309

Cruise Mach number 2.0 2.0

Ground-level overpressure, psf 0.50 0.50

Ground-level reflection factor 1.90 1.90

Type of overpressure shape “Flat-top” “Flat-top”
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Appendix B

Numerical Description of the Curved Leading-Edge Model

(Lengths in ft, areas in ft
2
)
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Appendix C

Numerical Description of the Straight-Line-Segment Leading-Edge Model

(Lengths in ft, areas in ft
2
)
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Appendix D

Wind-Tunnel Pressure Signature Measurement h/b and CL/CL,CRUISE Values

Under-the-Track Data

h, inches h/b CL/CL,CRUISE Model

9.00 2.00 0.5, 1.0 SLSLE, CLE

13.50 3.00 0.5, 1.0 SLSLE, **

18.00 4.00 0.5, 1.0 SLSLE, CLE

22.50 5.00 0.5, 1.0 SLSLE, CLE

27.00 6.00 0.5, 1.0 SLSLE, CLE***

The Span, b, of both models was 4.5 inches

The initials SLSLE represent the model with a straight-line segmented leading edge.

The initials CLE represent the model with a curved leading edge that was smoothly continuous.

** Pressure signatures generated by the CLE model at a model-No. 2 probe separation distance of 13.5

inches (h/b = 3.0) were part of the schedule. However, the track mechanism that moved the three-probe

measurement rake became inoperative before CLE model pressure signature measurements at h/b = 3.0

could be performed.

***Only forward section of the pressure signature measured. At this point in the signature measurement,

the model noses were already slightly forward of the test section and into the aft section of the wind-

tunnel nozzle where non-uniform Mach number gradients and flow angularities exist.



REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

2.  REPORT TYPE 

Technical Memorandum
 4.  TITLE AND SUBTITLE

Determination of Extrapolation Distance With Measured Pressure 
Signatures From Two Low-Boom Models

5a. CONTRACT NUMBER

 6.  AUTHOR(S)

Mack, Robert J.; and Kuhn, Neil

 7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

NASA Langley Research Center
Hampton, VA  23681-2199

 9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

National Aeronautics and Space Administration
Washington, DC  20546-0001

 8. PERFORMING ORGANIZATION
     REPORT NUMBER

L-19040

10. SPONSOR/MONITOR'S ACRONYM(S)

NASA

13. SUPPLEMENTARY NOTES
An electronic version can be found at http://techreports.larc.nasa.gov/ltrs/ or http://ntrs.nasa.gov

12. DISTRIBUTION/AVAILABILITY STATEMENT
Unclassified - Unlimited
Subject Category 05
Availability:  NASA CASI (301) 621-0390

19a. NAME OF RESPONSIBLE PERSON

STI Help Desk (email:  help@sti.nasa.gov)

14. ABSTRACT

A study to determine a limiting distance to span ratio for the extrapolation of near-field pressure signatures is described and 
discussed. This study was to be done in two wind-tunnel facilities with two wind-tunnel models. At this time, only the first 
half had been completed, so the scope of this report is limited to the design of the models, and to an analysis of the first set of 
measured pressure signatures. The results from this analysis showed that the pressure signatures measured at separation 
distances of 2 to 5 span lengths did not show the desired low-boom shapes. However, there were indications that the pressure 
signature shapes were becoming “flat-topped”. This trend toward a “flat-top” pressure signatures shape was seen to be a 
gradual one at the distance ratios employed in this first series of wind-tunnel tests. 

15. SUBJECT TERMS

Sonic boom; Whitham theory, Signature extrapolation; Wind-tunnel models

18. NUMBER
      OF 
      PAGES

28

19b. TELEPHONE NUMBER (Include area code)

(301) 621-0390

a.  REPORT

U

c. THIS PAGE

U

b. ABSTRACT

U

17. LIMITATION OF 
      ABSTRACT

UU

Prescribed by ANSI Std. Z39.18
Standard Form 298 (Rev. 8-98)

3.  DATES COVERED (From - To)

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

23-065-10-91

11. SPONSOR/MONITOR'S REPORT
      NUMBER(S)

NASA/TM-2004-213264

16. SECURITY CLASSIFICATION OF:

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and 
Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person 
shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1.  REPORT DATE (DD-MM-YYYY)

11 - 200401-



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /APCCourier
    /APCCourierBold
    /APCCourierBoldOblique
    /APCCourierOblique
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AmericanTypewriter
    /AmericanTypewriter-Bold
    /AmericanTypewriter-Condensed
    /AmericanTypewriter-CondensedBold
    /AmericanTypewriter-CondensedLight
    /AmericanTypewriter-Light
    /AndaleMono
    /Apple-Chancery
    /AppleGothic
    /AppleMyungjo
    /AppleSymbols
    /AquaKana
    /AquaKana-Bold
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /Baskerville
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /Baskerville-SemiBold
    /Baskerville-SemiBoldItalic
    /BastionBold
    /BastionBoldOblique
    /BastionOblique
    /BastionPlain
    /BigCaslon-Medium
    /Bookman-DemiItalic
    /Bookman-Light
    /BrushScriptMT
    /CapitalsRegular
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Chalkboard
    /Charcoal
    /Chicago
    /Cochin
    /Cochin-Bold
    /Cochin-BoldItalic
    /Cochin-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /Copperplate
    /Copperplate-Bold
    /Copperplate-Light
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Courier
    /Courier-Bold
    /CourierCE
    /CourierCE-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CurlzMT
    /DFKaiShu-SB-Estd-BF
    /Didot
    /Didot-Bold
    /Didot-Italic
    /Dirtyhouse
    /EdwardianScriptITC
    /Futura-CondensedExtraBold
    /Futura-CondensedMedium
    /Futura-Medium
    /Futura-MediumItalic
    /GadgetRegular
    /GeezaPro
    /GeezaPro-Bold
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GrHelvetica
    /GrHelveticaBold
    /GrPlain
    /GrTimes
    /GrTimesBold
    /Hangang
    /Helvetica
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HelveticaNeue
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-CondensedBlack
    /HelveticaNeue-CondensedBold
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightItalic
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItalic
    /Herculanum
    /HiraKakuPro-W3
    /HiraKakuPro-W6
    /HiraKakuStd-W8
    /HiraMaruPro-W4
    /HiraMinPro-W3
    /HiraMinPro-W6
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /Impact
    /JCHEadA
    /JCfg
    /JCkg
    /JCsmPC
    /LatinskijBold
    /LatinskijBoldItalic
    /LatinskijBook
    /LatinskijItalic
    /LiGothicMed
    /LiHeiPro
    /LiSongPro
    /LiSungLight
    /LucidaGrande
    /LucidaGrande-Bold
    /LucidaHandwriting-Italic
    /MarkerFelt-Thin
    /MarkerFelt-Wide
    /Monaco
    /MonotypeCorsiva
    /MonotypeSorts
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewYork
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-ExtraBlack
    /Optima-Italic
    /Optima-Regular
    /Osaka
    /Osaka-Mono
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Papyrus
    /RoPlain
    /SIL-FangSong-Reg-Jian
    /SIL-Hei-Med-Jian
    /SIL-Kai-Reg-Jian
    /SIL-Song-Reg-Jian
    /SandRegular
    /Skia-Regular
    /StoneInformal
    /StoneInformal-Bold
    /StoneInformal-BoldItalic
    /StoneInformal-Italic
    /StoneInformal-Semibold
    /StoneInformal-SemiboldItalic
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Symbol
    /Tahoma
    /Tahoma-Bold
    /TechnoRegular
    /TextileRegular
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TimesOERoman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /Wingdings
    /ZapfDingbatsITC
    /Zapfino
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


